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© A method for increasing hydrophilicity of a fabric material of synthetic fibers. 



(57) Hydrophilicity of a poorly hydrophilic fabric material of 
synthetic fibers can be remarkably increased by the synergis- 
tic effect of the treatments first with a hydrophilic agent, e.g. 
water-absorbent agent and antistatic agent, and then by 
exposure to low temperature plasma generated in an 
atmosphere of oxygen or oxygen-containing gas so that the 
capacity of the fabric material for water absorption is greatly 
W increased and the antistatic performance thereof is greatly 
^ improved with decreased surface resistivity and charge 
voltage induced by rubbing. 
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A METHOD FOR INCREASING HYDROPHILICITY OF A FA3RIC 
MATERIAL OF SYNTHETIC FIBERS 

BACKGROUND OF THE INVENTION 
The present invention relates to a method for increas- 
ing hydrophilicity of a fabric material of, in particular, 
synthetic fibers. More particularly, the invention relates 
to a method for imparting a durably increased capacity of 
water absorption and a durably decreased susceptibility to 
accumulation of static electricity to a fabric material of 
or mainly composed of synthetic fibers. 

Needless to say, fabric materials currently on use both 
in the clothing use of people and in the industrial applica- 
tions are in a very large part produced of synthetic fibers 
replacing the conventional or traditional natural fibers 
more and more by virtue of many advantages thereof. One of 
the largest differences between the properties of the syn- 
thetic and natural fibers is in the hydrophilicity-hydro- 
phobicity behavior of them, the former being of course out- 
standingly less hydrophilic than the latter. The remarkably 
small hydrophilicity of synthetic fibers sometimes causes 
serious problems not encountered in the use of natural fi- 
bers. 

For example, fabric materials of synthetic fibers have 
a very poor capacity of water or sweat absorption, which is 
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advantageous on one hand but disadvantageous on the other, 
so that wearers of clothes made of synthetic fibers unavoid- 
ably have an unpleasant feeling of stuffiness especially 
when the clothes are underwears worn in contact with or in 
the proximity of the skin of the wearer in a hot and humid 
climate. 

Another serious problem caused by the poor hydrophili- 
city* of synthetic fibers is the great accumulation of static 
electricity on the fibers. Even by setting aside the unplea- 
santness given to the wearer of clothes of synthetic fibers 
in such a charged condition with static electricity, many 
troubles are caused by the static electricity accumulated on 
the fibers such as the disturbance of the laborer's works in 
15 plants, danger of fire or explosion by the spark" discharge 

of the accumulated static electricity, erroneous performance 
of computers and other delicate electronic instruments due 
to the influence of the strong electric field around the 
charged fabric materials and so on. 



10 



20 



25 



Many attempts have been of course proposed and practic- 
ed in the prior art to solve these problems by increasing 
the hydrophilicity of the fabric materials of synthetic fi- 
bers. For example, the problem of poor water absorption of 
synthetic fibers can be mitigated by the mixed spinning or 
mixed weaving with water-absorptive natural fibers. The ef- 
fectiveness of this method is, however, limited since too 
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much amounts of the natural fibers mixed with the synthetic 
fibers to attain sufficient hydrophilici ty naturally result 
in the loss of the advantages inherent to synthetic fibers. 
An alternative method is zhe treatment of the fabric materi- 
5 al with a water-absorbent agent to impart hydrophilici ty to 
the surface of the fibers. Extensive investigations have 
been and are being undertaken in tiiis direction to propose 
various kinds of water-absorbent agents effective for a 
particular type of synthetic fibers- For example, the capa- 

10 city of water absorption of polyester fibers, e.g. polyeth- 
ylene terephthalate fibers, can be increased by- the treat- 
ment with a water-soluble polyester resin. Unfortunately, 
such a method of the treatment of synthetic fibers with a 
water-soluble resin is defective in several respects of the 

-1 5 poor durability of the effects obtained therewith and the 

adverse influences on the color fastness of dyed fabric ma- 
terials in many cases. 



Limiting the matter to the antistatic treatment or de- 
20 crease of the accumulation of static electricity on the syn 
thetic fibers, various antistatic agents have been proposed 
hitherto. For example, the above mentioned water-soluble 
resins including water-soluble polyester resins, polyureth- 
ane resins, polyacrylamide resins, polyamide resins and the 
25 like are of course effective as an antistatic agent with 

certain durability. Besides, many compounds are known to be 
effective as an antistatic agent including inorganic salts 
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such as calcium chloride and lithium chloride, guanidine 
compounds such as guanidine hydrochloride, surface active 
agents such as those of the types of Quaternary ammonium 
salts and phosphoric acid esters, acrylic polymers having 
5 quaternary cationic groups and the like although the effec- 
tiveness of the treatment with these compounds is rather 
temporary. 

The durability of the effects obtained with the above 
described antistatic agents is, however, not quite satisfac- 
tory even with the relatively durable polymeric antistatic 
agents and the antistatic effects obtained therewith are de- 
creased in the long-run use of the treated fabric materials 
even by setting aside the other problem of the insufficient 
effectiveness of the method. Furthermore, the method is also 
not free from the problem of the decreased color fastness of 
dyed fabric materials giving limitations to the amount and 
the manner of use of the antistatic agents. 

In short, none of the prior art methods by use of a hy- 
drophilic agent, i.e. water-absorbent agent or antistatic 
agent, is quite satisfactory for imparting hydrophilicity to 
the fabric materials of or mainly composed of a synthetic 
fiber in respects of the effectiveness and the durability. 

SUMMARY OF THE INVENTION 
It is therefore an object of the present invention to 
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provide a novel and effective method for imparting remark- 
able and durable hydrophilicity to a fabric material of or 
mainly composed of a synthetic fiber so that the fabric ma- 
terial is imparted with increased capacity of water absorp- 
5 tion and decreased susceptibility toward accumulation of 
static electricity. 

Thus, the method of the present invention developed as 
a result of the extensive investigations by the inventors 
10 with the above described object compsrises the steps of: 

(a) treating a fabric material of or mainly- composed of a 
synthetic fiber with a hydrophilic agent to form a layer 
thereof on the fiber, and 

(b) exposing the thus treated fabric material to low tem- 
15 perature plasma generated in an atmosphere of an inorganic 

gas under a pressure in the range from 0-01 to 10 Torr. 

BRIEF DESCRIPTION OF THE DRAWING 
The figure is a schematic illustration of an apparatus 
20 used for the treatment of the fabric material with low tem- 
perature plasma. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
As is mentioned above, the method of the present inven- 
25 tion is applicable to a fabric material of or mainly compos- 
ed of a synthetic fiber. The synthetic fiber here implied 
includes polyester fibers, nylon fibers, acrylic fibers, 
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polypropylene fibers, acetate fibers, polyvinyl alcohol fi- 
bers and the like. The fabric material may be composed of 
two kinds or more of these synthetic fibers as mixed-spun or 
mixed-woven. Furthermore, the fabric material may contain 
5 natural fibers provided that the weight proportion of the 
synthetic fibers in the fabric material is at least 50 % 
since the effectiveness of the inventive method is less re- 
markable when the fabric material contains more than 50 % of 
natural fibers. The form of the fabric material is not par- 
1 0 ticularly limitative including woven and knit cloths and 
non-woven fabrics as well as threads and yarns. 

The first step of the inventive method is the treatment 
of the fabric material with a hydrophilic agent which may be 

-j 5 a water-absorbent agent or an antistatic agent known in the 
art. The hydrophilic agents of the water-absorbent type are 
exemplified by water-soluble polyester resins, water-soluble 
urethane resins, water-soluble silicone resins, water-solu- 
ble polyamide resins and the like. The hydrophilic agents of 

20 the antistatic type are mostly surface active agents of the 
cationic, anionic, non-ionic and amphoteric types. Examples 
of the cationic surface active agents include salts of pri- 
mary, secondary and tertiary amines, quaternary ammonium 
salts, pyridinium salts, quaternary acrylic cationi-c polym- 

25 ers and the like and the anionic surface active agents are 
exemplified by sulfonated oils, soaps, sulfonated ester 
oils, sulfonated amide oils, ester salts of sulfonated 

r- 
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olefins, ester salts of sulfonated aliphatic alcohols, ester 
salts of alkyl sulfates, salts of fatty acid ethyl sulfonic 
acids, salts of alkyl sulfonic acids, salts of alkylnaph- 
thalene sulfonic acids, salts of alkylbenzene sulfonic 
acids, sulfonic acid salts of succinic acid esters, salts of 
phosphoric acid esters and the like. The non-ionic surface 
active agents are exemplified by carboxylic acid esters of 
polyhydric alcohols, ethylene oxide adducts of aliphatic al- 
cohols, ethylene oxide adducts of fatty acids, ethylene ox- 
ide adducts of aliphatic amines and amides, ethylene oxide 
adducts of alkylphenols, ethylene oxide adducts of alkyl- 
naphthols, ethylene oxide adducts of, partial fatty acid es- 
ters of polyhydric alcohols, block copolymers of ethylene 
oxide and propylene oxide, grafted celluloses, water-soluble 
polyester resins and the like and the amphoteric surface ac- 
tive agents are exemplified by carboxylic acid derivatives, 
imidazoline derivatives and the like. 

The method for performing the treatment with the above 
mentioned hydrophilic agent is conventional and an aqueous 
solution of the hydrophilic agent is applied to the fabric 
material usually by dipping or by padding followed by heat- 
ing for drying and, eventually, curing. 



The next step, i.e. step (b), in the inventive method 
is the treatment of the fabric material after the treatment 
with the hydrophilic agent by exposure to an atmosphere of 
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low temperature plasma. 

The procedure of the low temperature plasma treatment 
is also well known in the art. That is, the fabric material 
5 of synthetic fibers under treatment is placed inside a plas- 
ma chamber capable of being evacuated to a reduced pressure 
and equipped with two or two sets of discharge electrodes, 
one or one set thereof being grounded and the other or the 
other set thereof serving as a power electrode, and low tem- 
-l 0 perature plasma is generated inside the plasma chamber by 
supplying an electric power to the electrodes at a voltage 
of, for example, MOO volts or higher while the atmosphere 
inside the plasma chamber is kept under a reduced pressure 
with a stream of an inorganic gas. 

15 

Suitable inorganic gases to fill the plasma chamber un- 
der a reduced pressure are exemplified by helium, neon, ar- 
gon, nitrogen, oxygen, air, nitrous oxide, nitrogen mono- 
xide, nitric oxide, carbon monoxide, carbon dioxide, bromine 

20 cyanide, sulfur dioxide, hydrogen sulfide and the like. 

These inorganic gases may be used either alone or as a mix- 
ture of two kinds or more according to need. In particular, 
it is preferable in the inventive method that the inorganic 
gas is an oxidizing gas which may be oxygen or a gaseous 

25 mixture containing at least 10 J by volume of oxygen. 

The pressure of the gaseous atmosphere inside the 
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plasma chamber is preferably in the range from 0.01 to 10 
Torr. Low temperature plasma is readily generated with sta- 
bility by the glow discharge in :he atmosphere under a pres- 
sure in this range by supplying an electric power of, for 
5 example, 10 watts to 100 kilowatts at a frequency of 10 kHz 
to 100 MHz between the electrodes installed inside the plas- 
ma chamber although the frequency is not particularly limit- 
ed to the above mentioned high frequency range but may be 
direct current, low frequency or a frequency of microwave 

10 range. The electrodes are not necessarily installed inside 
the plasma chamber but may be installed outside the plasma 
chamber or may be replaced with a single work coil for high 
frequency surrounding the plasma chamber although installa- 
tion of the discharge electrodes inside the plasma chamber 

T5 is preferable from the standpoint of obtaining effective re- 
sults of the low temperature plasma treatment. These elec- 
trodes are connected to the power source, e.g. high frequen- 
cy generator, either by capacitive coupling or by inductive 
coupling. 

20 

The forms of the electrodes are also not particularly 
limitative and the power electrode and the- grounded elec- 
trode may be of the same form or different forms from each 
other. Plate-like, ring-wise, rod-like and cylindrical elec- 
25 trodes ar.e equally suitable though dependent on the particu- 
lar requirements. A convenient design of the discharge elec- 
trodes is that the walls of the plasma chamber are made of a 
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metal to serve as a grounded electrode and a power electrode 
of a suitable form is installed inside the plasma chamber as 
insulated from the chamber walls. Assuming that the elec- 
trodes are installed inside the plasma chamber, the distance 
between the grounded and power electrodes is preferably in 
the range from 1 to 30 cm or, more preferably, from 2 to 10 
cm in order to obtain higher efficiency of the treatment. 

The material of the electrodes should of course be 
conductive and copper, iron, stainless steel, aluminum and 
the like metals are suitable as the material of the elec- 
trodes. In order to ensure stability of the discharge be- 
tween the electrodes, it is preferable that the surface of 
the electrodes or, in particular, the power electrode is 
provided with a heat-resistant and electrically insulating 
coating layer of, for example, porcelain enamel, glass or 
ceramic having a dielectric strength or breakdown voltage 
of, desirably, at least 1000 volts/mm. 

It is a very remarkable and distinctive advantage that 
the excellent hydrophilicity of the fabric materials of syn- 
thetic fibers obtained in the above described method of the . 
invention is highly durable without decreasing the color 
fastness of dyed fabric materials. 

In the following, examples are given to illustrate the 
inventive method and the effectiveness thereof in more 
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detail but not to limit the scope of the invention in any 
way . 



The apparatus for the low temperature plasma treatment 
5 used in the following examples is illustrated in the accom- 
panying drawing. In the figure, the plasma chamber 1 is made 
of a stainless steel and capable of being evacuated by means 
of the vacuum pump 2 down to a pressure of 0.01 Torr or be- 
low. The plasma chamber 1 is provided with a gas inlet 3 

10 through which a gas is introduced into the plasma chamber 1 
to constitute the gaseous atmosphere inside the chamber T. 
The open end of the gas -inlet 3 is branched in manifold (in 
three branches in the figure) to ensure uniformity of the 
atmospheric condition inside the chamber 1. A stainless 

15 steel-made rotatable cylindrical electrode 4 inside the 

plasma chamber 1 is supported vacuum- tightly by a faceplate 
of the plasma chamber 1 in a cantilever manner and driven by 
an electric motor 5 installed outside the chamber 1 at a 
controllable velocity. The rotatable cylindrical electrode 4 

20 is electrically grounded through the walls of the plasma 
chamber 1. The temperature of the rotatable cylindrical 
electrode 4 can be controlled by passing a heating or cool- 
ing medium through inside. Facing the rotatable cylindrical 
electrode 4, a rod-like electrode 6, which serves as a power 

25 electrode, is held in parallel to the rotating axis of the 
rotatable cylindrical electrode 4 to form a gap of uniform 
width therebetween. The power electrode 6 is, of course, 
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electrically insulated from the walls of the plasma chamber 
1 and connected to the ungrounded terminal of a high fre- 
quency generator 8* The pressure inside the plasma chamber 1 
can be determined by means of a Pirani gauge 7 connected to 
5 the chamber 1 . 

Example 1 . 

A woven cloth of pure polyester fiber was subjected to 
a hydrophilic treatment with either one of the following wa- 
10 ter-absorbent agents I to III by the padding method of 1 

dipping-1 nipping with an aqueous solution of the respective 
water-absorbent agent to give a pick-up of 70 % by weight 
followed by drying at 110 °C for 3 minutes and curing at 180 
°C for 30 seconds. 
15 I : a water-soluble polyester resin (Nicepole PR-555, 

a product by Nilcka Chemicl Co.) in a 5 J aqueous 
solution 

II : a water-soluble urethane resin (Evaf anol AS-1 , a 

product by the same company) in a 5 % aqueous 
20 solution combined with a 0.5 % aqueous solution 

of an organotin compound (Evaf anol CS, a product 
by the same ' company ) as a catalyst 

III : a water-soluble urethane resin (Evaf anol N, a 

product by the same company) in a 5 J aqueous 
25 solution combined with a 1 % aqueous solution of 

a catalyst (Evaf anol CS, a product by the same 
company) 
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laundering each with an aqueous solution of 1 g/liter con- 
centration of a synthetic detergent (ZAB, a product by Kao 
Soap Co.) in a bath ratio of 1:30 at 40 °C for 10 minutes 
followed by rinse and dehydration. 

5 

Table 1 

Unit: seconds 



10 



15 



Example 
No. 


Hydro— 
phylic 
agent 


Before plasma- 
treatment 


After plasma- 
treatment 


Before 
laundering 


After 
laundering 


Before 
laundering 


After 

laundering 


1 . 


None 


>180 


>180 


0.5 


20 


I 


2 


30 


0.5 * 


1 


II 


1 


>180 


0-5 


1 


III 


15 


60 


0.5 


1 


'2 ' 


None 


15 


kO 


0.5 


12 


I 


1 


8 


0.5 


0.5 


II 


1 • 


3if 


0.5 


0.5 


III 


1 


12 


0*5 


0.5 



Example 2. 

The experimental procedure was substantially 'the same 
25 as in Example 1 except that the atmosphere of the low tem- 
peratue plasma was maintained under a pressure of 0.1 Torr 
by continuously introducing a 1:3 by volume gaseous mixture 



BNSDOCID:<EP 011179SA2I> 



- 15 - 



0111 795 



of oxygen and argon at a rate of 1 liter/minute and the low 
temperature plasma was generated for 60 seconds by supplying 
an electric power of 5 kilowatts to the electrodes. The ma- 
terial of the test cloth in this example was a 
5 polyester/cotton mixed-spun gaberdine fabric in a mixing 

ratio of 65:35. The results of the test for the capacity of 
water ab-sorption undertaken in the same manner as in 
Example 1 are shown in Table 1 . 

TO Example 3* 

A woven cloth of pure polyester fiber dyed in blue with 
4 $ (o.w.f.) of Dianix Blue BG-FS was treated in advance 
with either one of the following antistatic agents I to III 
each by padding of 1 dipping-1 nipping with an aqueous solu- 

15 tion of the agent to give a pick-up of 68 % by weight fol- 
lowed by drying at 110 °C for 3 minutes and curing at 180 °C 
for 30 seconds. 

I : a quaternary cationic acrylic polymer (Nicepole 

FH, a product by Nikka Chemical Co.) in a 5 % 
20 aqueous solution 

II : a grafted cellulose (Nicepole TF-501 , a product 

by the same company) in a 10 J aqueous solution 

III : a water soluble polyester resin (Nicepole PR-333, 

a product by the same company) in a 10 $ aqueous 
25 solutin 

Each of the thus treated test cloths and the same cloth 
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before the treatment with the antistatic agent was subjected 
to the treatment with low temperature plasma. The conditions 
of the plasma treatment were substantially the same as in 
Example 1 except that the atmosphere for the plasma genera- 
5 tion was kept under a pressure of 0.13 Torr by continuously 
introducing oxygen gas at a rate of 1.5 liters/minute and 
the length of the treatment time was 200 seconds. 

The thus plasma-treated test cloths as well as the same 
1 o test cloths before the plasma treatment were subjected to 
the measurements of the surface resistivity in ohm and the 
charge voltage induced by rubbing in volts either as treated 
or after 50 times of repeated laundering- in the same condi- 
tions as given in Example 1. The results are shown in Table 
15 2 below. The measurement of the surface resistivity of the 
test cloths was undertaken by use of an ultrainsulation re- 
sistance tester (Model SM-5 manufactured by Toa Denpa Kogyo 
Co.) at 20 °C in a room of 40 % relative humidity and the 
charge voltage by rubbing was measured by use of a rotary 
20 static tester manufactured by Koa Shokai Co. under the same 
atmospheric conditions as above. 
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Table 2 



Anti- 
static 
agent 


treat- 
ment 


Surface resistivity , 
ohm 


Charge voltage by 
rubbing, volts 


Before 
laundering 


After 
laundering 


Before 
laundering 


After 
laundering 


None 


no 


>2 x 10 13 




k900 




yes 










I 


no 


5 x 10 6 


>2 x 10 13 




4200 


yes 


3 x 10 6 


5 x 10 11 


zz 


1300 


II 


no 


8 x 10 10 


3 x 10 12 


580 


2400 


yes 


5 x 10 10 


9 x 10 10 


540 


600 


III 


no 


3 x 10 10 


8 x 10 10 


180 


630 


yes 


3 x 10 10 


6 x 10 10 


150 


420 
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WHAT IS CLAIMED IS: 



1. A method for increasing hydrophil ici ty of a fabric ma- 
terial of or mainly composed of a synthetic fiber which 

5 comprises the steps of: 

(a) treating the fabric material with a hydrophilic agent to 
form a layer thereof on the fiber, and 

(b) exposing the thus treated fabric material to low temper- 
ature plasma generated in an atmosphere of an inorganic gas 

10 under a pressure in the range from 0.01 to 10 Torr. 

2. The method as 'claimed in claim 1 wherein the inorganic 
gas is oxygen or a gaseous mixture containing at least 10 % 
by volume of oxygen. 
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